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ABSTRACT 
The present work embodies the studies on neurotoxic 
effects of organophosphate pesticide, dimecron on the lipid, 
nucleic acid and protein metabolism in the rat cerebrtam, 
cerebellum, brain stem and spinal cord. 
Rats were treated with diroecron (2,0 mg/kg body wt, 
i.p.) daily for seven days. Total lipids, phospholipids, 
cholesterol and gangliosides showed significant depletion 
following dimecron toxicosis. The rate of lipid peroxida-
tion was found to be enhanced in various regions of the 
central nervous system. 
Furthermore, the diraecron-intoxication led to deple-
tion of deoxyribonucleic acid (DNA) and increment of ribo-
nucleic acid (RNA) contents. The protein concentration 
was interestingly diminished in all the regions of the 
CNS. 
Sntroliuttton 
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1. INTRODOCTIOH 
1*1 Organophosphatee: 
Organophosphates (OP's) are one of the most versatile 
group of organic coiopounds with various toxicities to diffe-
rent forms of life. The cotEsnonest and widest use of OP com-
pounds Is as the pest controlling agrochemlcals. These com-
pounds are preferred among other pesticides due to their 
rapid blodegradablllty, as they get hydrolysed In the body 
and hence less cumulative effects of OP compounds are noticed, 
use of organophosphates has Increased the yield of agricultu-
ral products. They have also proved helpful In controlling 
vectors of certain deadly diseases such as malaria, fllarla, 
leishmaniasis etc. (Caslda et al.« 1976) . On the debit side, 
however, ever Increasing use of organophosphate pesticides 
has caused serious health hazards to the mankind. 
Some OP compounds have also been used medically for 
the treatment of diseases such as myasthenia gravis and 
glaucoma. But because of narrow gap between therapeutic and 
toxic doses of OP confounds, this use is being avoided these 
days, organophosphate coiqpounds have also been used In the 
chemical warfare. During the World War II, a group of most 
toxic OP compounds, known as * nerve gases* was successively 
used. 
Generally, the ability to inhibit the carboxylic 
e^ Sterase enzymes including acetylcholinesterase (AC3i£), is 
said to be the most iooportant feature of organophosphate 
pesticide toxicity. SomB researchers have reported that OP 
coEspounds bind to the active site of the enzynte, resulting 
into the accumulation of acetylcholine (ACh) at the synapses 
(Johnson, 1976; Durham et al.« 1957; Coppage et al., 1975) • 
Furthermore, Tabershaw & Cooper (1966) observed that acute 
OP poisoning degraded axons due to the interference of OP 
coBEpounds in the regular metabolism of nerve cell bodies. 
1»2 Historical Overview; 
One of the most is^ortant and concerning problems 
faced by humanity is that of population eacplosion. Feeding 
the ever-increasing millions of mouths all over the world has 
become a hard nut to crack. It was therefore, found neces-
sary to harness concerted efforts to accelerate the yield of 
agricultural products. Additionally man had to combat the 
menace of pests, which not only destroyed the crop but also 
acted as the carriers/vectors for some deadly parasitic 
diseases. 
Since the dawn of the civilization, man has been fight-
ing a never ending battle against the army of pests. Search 
for powerful pest controlling weapons led to the discovery 
of organochlorine pesticides e.g. DDT, dieldrin, toxophene etc. 
Later on, studies by various scientists revealed that the use 
of organochlorine pesticides harboiired serious ecological 
hazards^ causing various toxic effects on the roan (Hardina 
et al., 1973} . Quest for a newer and safer pesticide resulted 
in extensive studies all over the world. 
In the year 1820# Lassaigne, incidently reacted alcohol 
with phosphoric acid and therewith launched the chemistry of 
organophosphorus cooqpounds. It was followed by a nxiiaber of 
studies with an aim to prepare organophosphorus coo^ounds pos-
sessing insecticidal properties. These studies, however, were 
xmaiabiguous until 1934, shortly before World War II, when Ger-
hard Schrader of Germany succeeded to develop organophosphates, 
first as agricultural pesticides and later on as potential 
chemical warfare e.g. nerve gases — Soman, Sarin and Tabun. 
Thousands of OP conpounds have been tested here«.to.fore 
for insecticidal properties. More than one hundred OP com-
pounds are being presently used as pesticides all over the 
world (Eto, 1974). They have several orders of toxicity 
from insects to mammals (Lehman, 1965; O'Brien, 1960; 
Piraental, 1971). 
During the last four decades, scientists and agrochem-
ists have come up with a large number of organophosphates being 
used as pesticides. Some of the most widely used OP pesticides 
are Phosphamldon, Dichlorvos^ Dlmethoate^ Trlchlorfon, Diazl-
non« Malathion, Methyl-parathlon« Hetasystox, etc. 
1.3 General Stryicture and caiemistry of 
Organophosphates: 
The undercsentioned formala for most of the organophos-
phates has been formulated by Schrader (1952). 
R- X 
/ \ 
Fig. 1.1 
where groups R^ and R2 are generally lower alkyl, alkoxy« 
alXylthio-or substituted amino groups. 'X' contain oxygen or 
sulphur* and 'Y' is a good 'leaving group* capable of being 
metabolized. 
Chemical classification of representative QP confounds 
of particular pharmacological and toxicological interest is 
given in Table 1.1 
The structture of Diraecron« commonly known as phospharaidon, 
which was used in the present study is as follows: 
Table 1.1 
C l a s s i f i c a t i o n of organophosphates-Exaiqples 
of Four Main Catagorles 
Group Y-Constituent 
I Substituted quaternary 
nitrogen 
Exan^le 
I I 
Ecothlophate i o d i d e 
I I CN, OCN, SCN or halogen 
other than P 'cUpr^^J 
CzHs ^ "^  C M Tabun 
I I I 
CH3 
(i'CH3H7O)^P(0)_F 5ffi 
IV Alky l , alkoaq^ or a l k y l t h i o ; 
ary l or h e t e r o c y c l i c ; 
ary loxy , a r y l t h l o , or one 
of t h e i r h e t e r o c y c l i c 
analogues; n i t r o g e n ; or 
disxabsti tuted phosphoryl 
grotips 
Parathion 
CH3O 
_ / 
/r^ y 
fzHs 
CH3 ^ 
Dimecron 
°«3% 
CHgO-^ 0— 
-c = 
1 
CH, 
CI 
1 
rC — - C O -
y 
- < 
^2^5 
C2H5 
Pig . 1.2 
(2-chloro-2-dlethylcarbamoyl-l-methylvinyl dimethyl 
phosphate) 
1.4 Lipids: 
Brain is knoira to be the richest in lipids among other 
body organs. There is continuous replacement of existing lipid 
molecules by the new ones. The lipids of different tissues are 
in a dynamic steady-state. Brain contains a unique structure, 
the myelin sheath, which has the highest lipid concentration 
of any normal tissue or subcellular component, ^ ^proximately 
half the dry weight of the entire brain is lipid. Total lipids 
make tip about 65 % of the dry weight of white matter and 
35 - 40 % of the gray matter (Brante, 1949). Myelin sheath 
contains about 65 % of the lipids of whole white matter. 
Cholesterol, phosphoglycerides and galactolipids are present 
in the mature myelin sheath, with the mole ratio of 4:3:2 res-
pectively. Gangliosides are localized primarily in plasma mem-
brane (Karpova, 1978) but monosialoganglioside is present in 
limited (quantity in myelin fractions (White et al., 1978) . 
A number of biochemical alterations in the brain lipid meta-
bolism, catised by OP toxicosis, have been investigated. 
Organophosphates not only influence the lipid metabolism but 
also alter the lipase activity (Caley and Jenson, 1973). Austin 
(1957) has reported inhibition of phospholipid biosynthesis, 
induced by a potent OP coropound, di-isopropyl fluorophosphonate 
(DPP) . Nelson and Barnum (1960) have also observed the inhibit-
ion of phospholipid biosynthesis following CP toxicosis. More-
over, studies by Tayyaba and Hasan (1980) have revealed that 
the dichlorvos intoxication increased the levels of total 
lipids and cholesterol, but phospholipid levels were found 
to be diminished in discrete brain regions. The decrement in 
the levels of total lipids, phospholipids, cholesterol and 
gangliosides have also been observed by islam et al., (1983) 
and Tayyaba Sc Hasan (1985) following the administration of 
metasystox. Furthermore, islam et al (1983) have also repor-
ted metasystox-induced increment in the lipase activity and 
rate of lipid peroxidation. A study by Hasan and Khan (1984) 
from this laboratory has revealed methyl parathion-induced 
increment in the concentrations of total lipids, phospholipids, 
cholesterol, and the rate of lipid peroxidation. Recently Vadhva 
and Hasan (1986) have reported increase of lipid contents and 
lipid peroxidation with decrease in the phospholipid concen-
tration following dichlorvos intoxication to the fish. 
1,5 Lipid Peroxidation; 
A recently applied approach to the study of neurotoxi-
cology involves the investigation of lipid peroxidation (WHO, 1986) 
8 
Lipid peroxidation is a process of direct reaction of oxygen 
and lipid to form free radical intermediate and hence creat-
ing semi-stable peroxide. Major sites of lipid peroxidation 
are bioraembranes and siibcellular organelles (Tappel, 1970} . 
Brain has been reported to show considerably high degree of 
peroxidation among different tissues from normal rates (Kartha 
and Krishnamurthy, 1978) . This might be due to the fact that 
brain has the largest amount of lipids in coit^arision to all 
other body organs. Currently it is being noticed that loss 
of membrane integrity during pathological free radical mecha-
nism leading to lipid peroxidation and degeneration of phospho-
lipids are important factors which irreversibly damage brain 
cells in ischaemic and other adverse conditions (Demopoulos 
et al., 1979). Since the estimation of lipid peroxidation 
is a relatively single technique, this method may prove to 
be an effective tool for screening for neurotoxic compounds 
(WHO, 1986). Hasan and Ali (1981) from this laboratory have 
reported dichlorvos-induced increase in the rate of lipid 
peroxidation in different brain regions. 
1,6 Nucleic Acids; 
Nucleic acids in the central nervous system cire charac-
terized by their size, coa^osition and role in protein synthe-
sis. 
9 
A knowledge of deoxyribonucleic acid (DNA) helps in 
understanding the tissue coiqponents such as average cell den-
sities, dry weight/average cell and total nuniber of cells in 
each brain area (May & Grenell, 1959). Since the majority of 
the cells in the brain are diploid, there is generally a fixed 
quantity of DNA per cell. In general DNA content in maaimalian 
brain is between 6.1 - 7.1 Pg/cell (Heller and Elliott, 1954). 
It has been reported that the organophosphate, DDVP (dichlorvos) 
induces degenerative changes in neurons and nerve fibres (Hasan 
et al., 1979) . The loss of ^ elin during degeneration and the 
subsequent oyelination of the newly growing fibres bring changes 
in most of the cell constituents, including nucleic acids 
(Mcllwain and Bachelard, 1971) . it has been shown that diffe-
rent brain regions have different DNA concentrations. Cerebel-
Ixxm has been reported to contain higher DNA levels as cospared 
to other brain regions (May & Grenell, 1959 ; Tayyaba et al., 
1981) . The intoxication of an CE> pesticide, metasystox has 
revealed a remarkable depletion of the DNA level in all the 
brain regions, duly correlated with increased DNase activity 
(Tayyaba et al., 1981) . 
On the other hand, studies on ribonucleic acid (RNA) 
are of help in finding out the rate of protein synthesis and 
also to understand the functional status of the nervous tissue 
(Bergen et al., 1974) . The RNA concentration also shows varia-
tions within different brain regions, with the highest concen-
tration found in cerebellum, hypothalamus and cerebral cortex. 
IJ 
and the lowest in the medulla (May and Grenell, 1959) . It 
has been observed that there is a proportionality between RNA 
content and the surface area of the cell body (Edstrom, 1956; 
Edstrom and Pigon, 1958). The perikarya contains more RKA 
than the axons, in vertebrates, extra-cellular RNase is 
secreted by the pancreas and salivary glands (Eller and Colter, 
1963) . The usual function of RNase is obviously to break down 
RNA, The response of RNA to neurotoxicants like organophos-
phates has been shown by Tayyaba et al«, (1981) from this 
laboratory. They have reported increment of RNA levels in 
cerebellum, brain stem and spinal cord and a significant decre-
ment in the cerebral hemisphere, following the raetasystox toxi-
cosid. Previously, it has also been demonstrated that RNA syn-
thesis increases due to damage of the neurons (Mcllwain and 
Bachelard, 1971), 
1.7 protein: 
protein, one of the in^ortant biochemical coo^onents in 
the vertebrate brain, constitutes 40 % of the dry weight of 
brain (Mcllwain and Bachelard, 1971) . There are many kinds of 
proteins present in the brain, including S-100 protein. Recent 
evidences suggest the role of glycoproteins in a ntimber of 
specific cell-cell interactions, including intracellular ad-
hesion and the mechanisms governing neural histogenesis, re-
gional brain differentiation and the specifity of neuronal 
11 
associations (Margolis et al., 1975) . It has been repoted 
that increased neuronal activity inhibits the protein synthesis 
(Hyden and Lange, 1972). The specific neuronal functions such 
as conduction of action potentials and synaptic transmission, 
are extensively mediated by protein (Bock, 1978) . Mcllwain and 
Bachelard (1971) are of the view that raany environmental and 
nutritional factors may perturb the brain proteins. The decre-
ment in the protein concentration in different regions of the 
brain following the raetasystox treatment has been reported by 
Tayyaba et cd. (1981). 
Brain, in general, has high rate of metabolic activity, 
needing more proteins for expected high rate of protein turn-
over. This is well-correlated by the presence of large amount 
of cytoplasmic ribosomes, giving large number of sites for the 
protein synthesis (Mcllwain and Bechelard, 1971). Any change 
in the protein concentration may influence the metabolic rate 
of the tissue. It requires rapid synthesis and renewal of pro-
tein. Keeping into consideration this aspect, an attenipt has 
been made in the present study to analyse the alterations in 
the protein concentration following the organophosphate pesti-
cide Dimecron toxicity. 
1.8 Mechanism of action of Qrganophosphates: 
The nervous system is one of the most susceptible and 
vulnerable portions of the body. Attacking the CNS is the 
12 
most rapid and sure way of distiirbing the normal body mecha-
nisms . The biological action of CP confounds on mammals and 
Insects Is exerted by attacking the neural transmission sys-
tem and thus interfering with the function of nervous system. 
1,8.1. Molecular Mechanism of Action; 
The most significant molecular mechanism of action of 
organophosphates is their action through the phosphorylation 
of the hydroxyl group of the serine in the active site of the 
vital enzyme acetylcholinesterase (AChE) of the target orga-
nism. The inhibition of the AChE leads to the accumulation 
of acetylcholine (AC3i) at the synapses, and thus prevents 
the smooth transmission of nerve inqpulses across the synap-
tic gap, resulting in the loss of muscular coordination. In-
duction of convulsions and xiltimately death. 
The unit structure of AChE is a protein with a molecu-
lar weight of 80#000. These units are grouped as tetraraers 
(Dudal et al,, 1973; Rieger et al,, 1973) . The active surface 
of the enzyme unit consists of two sites — an ionic site and 
an esteratlc site (wll«on and Bergmann, 1950). At the anionic 
site (negatively charged, probably due to free carboxyl group 
of dlcarboxylic acid), the positively charged quaternary 
nitrogen atom of ACh is attracted by electrostatic forces, 
The esteratlc site consists of essentially two components, 
located 2.5 and 5 A , respectively, from the anionic site: a 
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potentially acidic group (the hydroxyl group of serine) and 
a basic nucleophilic group (the imidazole group of histidine). 
The imidazole group, by hydrogen bonding, enhances the nucleo-
philic activity of the serine hydroxyl group, thus enabling 
it to interact with the electrophilic carbonyl carbon atom 
of ACSi. A covalent bond is formed, with the production of 
an acetylated enzyme intermediate and the release of choline. 
The electrophilic C atom of the acetyl group then undergoes 
nucleophilic attack by the electronegative oxygen atom of a 
water molecule. The acetyl-enzyme complex is thus hydrolysed, 
producing regenerated enzyme and acetic acid (Wilson et al,, 
1951, 1954). A diagrametic representation of the mechanism 
of action of OP cognpounds is shown in Fig. 1.3. 
The reaction between AChE and most of the organophos-
phates occurs only at the esteratic site but proceeds in a 
comparable manner (Fig, 1.3.). Here, the resultant phosphory-
lated enzyme is extremely stable : if the attached alkyl groups 
are methyl or ethyl, significant regeneration of the enzyme by 
hydolytic cleavage requires several hours. Some QP conpounds 
(e.g. Ecothiophate) combines at both the esteratic and ionic 
sites, which probably contributes to their extreme potency 
and specifity. Also, a delayed and prolonged neurotoxicity 
with associated demyelination and muscular weakness results 
from some organophosphates in several species including man, 
but its exact mechanism is still not clearly defined (Casida, 
1964) . 
1 
1,8.2. Mechanism of Nerve Transmission; 
The central nervous system consists of brain and spinal 
cord. The peripheral nervous system acts as media for coiomi-
nication between CNS and the rest of the body. The coionunica-
tion channel is through cable lines of axons made up of innu-
merable neurons. 
The transmission of nerve iri^ ulse is an electrophysiolo-
gical process in which monovalent ions act eis carriers of the 
current (Fig. 1.4), propagation of the nerve in^ulse and the 
perturbation in the permeability of the axon membrane occur 
simultaneously. The interior part of the axon has larger aHoount 
of potassium (K) than that of sodixxra (Na) ions, while the 
fluid outside possess^ an opposite con^osition. When a nerve 
impulse is generated, a flood-gate opens and the sodiiira ions 
are poured into the axon making the interior mileu locally 
positive. After the impulse, the sodixim gate closes and 
opens a potassitun gate allowing K ions to efflux out and 
restoring the normal negative potential (Castillodel and 
Kotz, 1957; Eccles, 1957). A 'Synaptic junction' (20-30 nm 
wide) is present between a neuron and an axon. The chemical 
transmitters ceurry the electrical impulse accross the synap-
tic junction. The arrival of the nerve impulse at presynaptic 
membrane triggers the release of acetylcholine from 'vesicles' 
or storage sites located in presynaptic cells. Acetylcholine 
gets attached to a 'binding site' on the post-synaptic cell 
^ 
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after passing through the synaptic cleft (Fig. 1.5) . The 
liberated acetylcholine is immediately broken down to acetic 
acid and choline by the hydrolytic enzyme acetylcholineste-
rase (AChE) . 
The inhibition of acetylcholinesterase leads to the 
accumulation of acetylcholine at the synapses preventing the 
smooth transmission of nerve impulses across the synaptic 
gap. 
1.9 Signs and Symptoms ; Acute Intoxication 
o? Organophosphates: 
The usual syrrptoras of organophosphate intoxication in 
mammals are defaecation, urination, lacrimation, muscular 
twitching, fabrillation and convulsions, generally clonic and 
less often tonic (O'Brien, 1960). 
The effects of acute intoxication of OP conpounds are 
manifested by muscarinic, nicotinic and central nervous system 
signs and symptoms. These effects may be localized or genera-
lized. After local e^^osure, occular and respiratory effects 
appear first. Occular effects include marked miosis, ciliary 
Spasm and brow ache, along with watery nasal discharge. Res-
piratory effects consists of 'tightness of chest' and wheezing 
respiration. Gastrointestinal synptoras include nausea, anore-
xia, vomitting and diarrhea. 
13 
•Nicotinic' actions at the neuromuscular junctions of 
skeletal muscle usually consists in fatigability and genera-
lized weakness, involuntary twitching, scattered fasciculations, 
and eventually severe weakness and paralysis. 
The broad spectrum of effects on the CNS include con-
fusion, ataxia, slurred speech, loss of reflexes, generalized 
convulsions, central respiratory paralysis and coma. 
The time of death after a single acute exposure may 
range from less than five minutes to nearly twenty four hours. 
The mechanisms involved in the death have been listed by O'Brien 
(1960) as bronchoconstriction, lowered blood pressiire, neuro-
muscular block of respiratory muscles and failure of respiratory 
centre, 
The sequence of events is as follows: 
(1) Inhibition of ChE, 
(2) ACh accumulation, 
(3) disruption of nerve function, 
(4) respiratory failure, and 
(5) death. 
1.10 Reports Available on the Organophosphate 
Poisoning; 
The increas ing use of OP p e s t i c i d e s has c rea ted severe 
problems of environmental p o l l u t i o n . The complexity of t h e pro-
blems posed by the p e s t c o n t r o l l i n g agrochemicals on t h e e n v i -
ronment i s out l ined i n t he F i g . 1.6. (Newman, 1965; Upchurch, 
1974) . 
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Nvunerous instances of organophosphate poisoning have 
been reported from various parts of the world. The greatest 
of which have been reported from Japan where 19,436 cases of 
OP poisoning were registered during 1954-1970 (Ministry of 
Health and Welfare^ Japanese Government, 1954-1970). In 
Denmark 273 OP-induced deaths occured during six years, in 
Finland, about 286 cases of OP poisoning were reported in 
six years (Toivonen et al., 1959)• Around 1950 deaths were 
observed in California during four years (Department of Public 
Health, State of California, 1957-1960). One study in Brazil 
reported, 3,445 pesticide poisoning cases, with 208 deaths, 
during 1957-1979. Another report from Mexico revealed 847 
poisoning cases among agricultural workers with four deaths 
d\iring 1974. Incidents of mass poisoning by gross contami-
nation of food with organophosphate coiqpounds have been re-
ported from India, USA, Egypt, Singapore, etc. 
Statistics for the year 1969 indicate that about 50-80% 
of poisons detected in medicolegal cases in India belonged to 
organophosphate and organochlorine pesticides (Bami, 1971). 
According to a very recent report, a highly toxic OP pesti-
cide has claimed the lives of 12 farmers and labourers in 
Punjab (Indian Express, July 22, 1987). 
In addition to these cases of accidental intoxication 
and environmental pollution from the use and manxafacture of 
organophosphate pesticides, these compounds have also been 
eaployed frequently for homocidal and suicidal purposes. 
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1.11 National Importance; 
India is an agricultural country. The in^jortance of 
pesticides and insecticides in the country is increasing day 
by day. Quite a large number of all the pesticides being 
used in India come under the category of agrochemicals, res-
tricted or banned in many countries due to their highly toxic 
properties. Over 105 pesticides have been permitted to be 
used in the country by the Central Insecticide Board, Govt, 
of India, out of which most of the agrochemicals are organo-
phosphates. 
The mankind is facing a number of 'mysterious* diseases 
today. Their causes and triggers are still unclear. Studies 
all over the world have proved that the increasing use of 
pesticides has led to various side effects on the CNS and 
other functions of the body. 
It cannot be ruled out that the diseases of 'unknown 
etiology* might be the results of undesirable effects of the 
environmental pollution, or, o£ pesticide residue in any form 
on the central nervous system. 
The present study will supplement the findings of pre-
vious workers along with providing some novel informations 
and observations regarding the neurotoxicity of a commonly 
used organophosphate pesticide, diroecron. 
Thus far, informations regarding effects of *dimecron' 
on the CNS is inadequate in the available literature. The 
22 
present study, therefore, may be helpful in understanding 
the pesticide neurotoxicity and to find out the ways to com-
bat the hazards of pesticide poisoning. 
1.12 Aims and objectives of the present study: 
Following are the main aims of the present study: 
(1) To determine the normal levels of total lipids, 
phospholipids, cholesterol, gangliosides, nuc-
leic acids and protein in the rat CNS. 
(2) To estimate the normal rate of lipid peroxi-
dation in the rat CNS. 
(3) To evaluate the dimecron-induced perturbations 
in the levels of lipid fractions, gangliosides, 
nucleic acids and protein. 
(4) To determine the change in the rate of lipid 
peroxidation following dimecron toxicosis in 
the discrete areas of the rat CNS. 
iWateriafe anb iWetfiobg 
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2. MATERIALS AND METHODS 
2.1 Animals; 
Thirty-six male albino rats, weighing 180 + 20 g were 
obtained from Central Animal House, J.N. Medical College, A.M.U,, 
Aligarh. They were fed on a pellet diet (Hindustan Lever Ltd.) 
and were provided access of water ad Libitum, with a dark : 
light cycle of 12:12 hrs. 
2.2 Experimental Design; 
Animals were divided into three equal groups, each group 
comprising of twelve animals with six experimental and six con-
trols. First group was used for the estimation of lipids and 
their profiles while the other two groups were used for the 
determination of lipid peroxidation and isolation and esti-
mation of nucleic acids, respectively. 
2.3 Chemicals and Reagents; 
The organophosphate pesticide, dimecron (commonly known 
as phosphamidon) was obtained from Ciba Geigy India Limited, 
Bombay. Brain lipid standard, N-acetylneuraminic acid. 
25 
Pig. 2.2 : Photograph showing dorsal view of the 
rat brain. 
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2-thiobarbituric acid (TBA), DMA and RNA were purchased from 
Sigma Chemical Co., USA. Resorcinol and Orcinol were obtained 
from PERAK, West Germany. All other chemicals and reagents were 
of AR grade and were purchased from E. Merck India Ltd., Bombay, 
2.4 Drug Administration; 
A freshly prepared solution of dimecron (2-chloro-2-. 
diethylcarbamoyl-1-methylvinyl dimethyl phosphate) in physio-
logical saline, was administered intraperitoneally (2.0 mg/kg 
body wt.) daily for seven days to each rat of the experimental 
group. The control group recieved an equal voliime of physio-
logical saline concurrently. 
2.5 Dissection and isolation of Different 
Parts of the Rat Brain; 
Overnight fasted rats were sacrificed on the seventh 
day of the injection, by cervical dislocation, followed by 
decapitation. The brains were removed as quickly as possible. 
The cerebrvim, cerebellum, brain stem and the spinal cord were 
dissected out rapidly on an ice-plate, and weighed to the 
nearest milligram on an electrical balance. 
2.6 Extraction of Lipids from Discrete Brain Areas; 
Different parts of the brain (50-200 mg) were homogenized 
in a glass homogenizer to a final volume of 6 ml chloroform-
methanol (2;1, v/v) according to the method of Folch et al. 
27 
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(1951) . Each homogenate was shaken periodically for an hour 
and filtered through sintered glass funnel (G-4) under vacuum. 
The residue of each test tube was again homogenized with 2 ml 
chloroforra-methanol and filtered. The test tubes were rinsed 
with fresh chloroform-methanol and again filtered. The final 
volume of each extract was made upto 10 ml with fresh chloro-
form-methanol mixture. Thereafter 2,5 ml of normal saline 
solution was added to the extract in each test tube (4:1, v/v) 
This was shaken vigorously on cyclo-mixer for conrplete mixing, 
and placed at -20 C in a deep freeze overnight for complete 
separation of the two layers. The junction of the two layers 
in each test tube was marked. The upper layer was used for 
the estimation of gangliosides. The lower layer was collec-
ted in stoppered t\ibes with the help of a syringe and stored 
at -20 C until final use. The test tubes in which the two 
layers were separated, were dried and the volume of the lower 
layer in each test tube was measured. This extract was used 
tor the estimation of total lipids, phospholipids and choles-
terol. 
2.7 Estimation of Total Lipids; 
Total lipids were estimated according to the method of 
Woodman and Price (1972), described as follows: 
i) Standard Solution: 
Standard solution of 0.5 mg brain lipids/ml of chloro-
form-methanol (2:1) was prepared by diluting 1,0 ml refrigerated 
29 
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Stock solution (50 rag brain lipid/lo ml chloroform-methanol) 
in a 10 ml standard flask and made up the volxime to 10.0 ml 
with chloroform-methanol (2:1, v/v). 
ii) Coloring Reagent: 
6.0 g potassium dihydrogen orthophosphate and 0.3 g 
vanillin were dissolved by heating in a 100 ml volumetric 
flask and the volume was made upto 100.0 ml with double dis-
tilled water (DDW), 
iii) Cone. Sulfuric Acid, A.R. 
iv) Brain Lipidsj 
Lipids were isolated from the rat brain by the technique 
as described in the Extraction of Brain Lipids. The extract 
was dried by vacuum rotatory evaporator at 40°c and dried lipids 
were stored at 0-5**c. 
v) Procedure; 
0.1 ml of duplicate brain extracts and a duplicate set 
of standard with 50 to 500 ug of brcd.n lipids were taken in 
18 x 150 mm Corning test tubes. To this was added 2.5 ml 
Cone. Sulfuric acid and heated in boiling water bath for 20 min. 
After cooling, 5.0 ml coloring reagent was added and absorption 
was read at 530 nm exactly after 10 min. against a reagent blank 
on a Beckman DU-6 spectrophotometer. 
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vi) Calculation; 
C X V 
Total Lipids (mg/g fresh weight) =» ^^ ^ ^^ 
Where, C »= Concentration of lipids in/ug in 0.1 ml brain 
extract 
V = Total volume of lower layer 
vt = Volume taken for estimation 
Wt = Fresh weight of the tissue in mg. 
The above formula was used also for calculating the 
concentrations of phospholipids and cholesterol. 
2.8 Estimation of Phosphate; 
Phosphate was estimated by the method of Fiske and 
Subbarow, as described by Marinetti et al. (1962). 
Reagents; 
i) A standard of 0.01 rag inorganic phosphate/ml was 
prepared by diluting 5.0 ml refrigerated stock solu-
tion (0.439 g KHjPO./SOO ml DDW) in a 100 ml standard 
flask with DDW. 
ii) perchloric acid 70 % A.R. 
iii) Aromonivun molybdate solution 2.5 %. 
Iv) Reducing Reagent: 
Reducing reagent was prepared by dissolving 3.0 g 
sodium bisulphite, 0.6 g sodium sulphite and 0.05 g 
recrystalysed l-amino-2-naphthol-4-sulphonic acid 
(ANSA) in 25 ml DDW. A Slight yellow solution thus 
obtained was stored in amber coloured bottle. The 
colour is stable for a week at the room temperature. 
32 
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v) Recrystalization of ANSA: 
15.0 g sodium metabisulphite, 1.0 g sodixim sulphite 
(anhydrous) and 1.5 g crude ANSA were dissolved in 
100 ml DDW by heating on the boiling water bath. Hot 
solution was filtered through the filter paper. 1.0 ml 
cone. HCl was added in the filterate and stirred. 
Precipitate was filtered with suction pump and washed 
with about 30 ml double distilled water and finally 
with alcohol till washing is colourless. This puri-
fied ANSA was dried in oven at lOO^C for 1 hour with 
least possible exposure to light and was transferred 
to amber coloured bottle. 
vi) Procedure; 
0.2 ml of duplicate brain lipid extract (Lower layer) 
was placed in 18 x 150 HBB Corning test tubes and all 
the solvent was dried up by heating on a boiling water 
bath. Added 1.0 ml AR grade 70 % perchloric acid to 
the samples and heated on a digester for 30 min. or 
until the sanple became clear. After complete diges-
tion samples were cooled to room temperature. There-
after « 1.5 ml ammonium molybdate« 0.2 ml reducing re-
agent and 7.0 ml DDW were added with vigorous shaking 
after each addition. The test tubes were heated on boil-
ing water bath for 7 min. After 30 min., the colour 
intensity was read at 700 nm. A calibration curve was 
prepared with 1/«g to 8/ig of phosphorus and 1.0 ml 
perchloric acid. Blank was prepared with 1.0 ml per-
chloric acid alone. 
vii) Calculation: 
The absorption is a linear function of the phosphorus 
content and the amount in unknwon saaiple can be calcu-
lated by direct proportion with the absorbance obtained 
for the standard. The amount of the phospholipid was 
calculated by multiplying with a factor of 25. 
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2.9 Estiroation of caiolesterol; 
Cholesterol was determined by Lieberraan-Burchard react-
ion, as described by Bloor et al. (1922) , 
Reagents; 
i) Standard: 
Cholesterol standard 1.0 mg/ml in chloroform was 
prepared by diluting 1.0 ral refrigerated stock solut-
ion of recrystalized cholesterol (100 mg/10 ml chloro-
form) in a 10 ml standard flask and made up the volume 
to 10.0 ml with AR grade chloroform, 
^^) Coloring Reagent; 
50 ml AR grade acetic anhydride was placed in a 
deep freeze for 1 hour, and 5.0 ral cone, sulfuric 
acid (AR) was added to it drop-wise with constant 
stirring. It was allowed to stand for an additional 
10 min, before using. This reagent was prepared 
fresh each time it was used. 
iii) procedure; 
0.5 ml of brain lipid extract was taken in 15 x 125 mm 
screw capped culture tubes. To this, 4.5 ml chloroform 
(AR) and 1.0 ml coloring reagent were added and mixed 
well. The tubes were kept in dark at 25°C for 30 min. 
The absorbance was read at 660 nm against a reagent 
blank. A calibration curve with different concentrat-
ions of cholesterol (100-800 Aig) was drawn according 
to the same procedure as described above. 
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2,10 Estlroatlon of Gangliosides; 
Gangliosldes \iirere estimated according to the method 
of Pollet et al. (1978), as follows: 
Reagents: 
i) Standard solution; 
A standard solution of 100/ug N-acetyl neuraminic 
acid (Sigma Chem Co., USA)/ ml DDW was made by dilu-
ting 1.0 ml of the refrigerated stock solution (10.0 
mg N-acetyl neuraminic acid dissolved in 10 ml DDW) 
to the final volume of 10.0 ml with DDW. 
ii) Resorcinol Reagent: 
It was prepared by mixing 10.0 ml of 3 % resorcinol 
solution in DDW, 80 ml cone. HCl, 0.25 ml 0.1 M cop-
per sulfate and DDW upto 100 ml. 
Procedure: 
To 2.0 ml of the upper layer of the lipid extract, 
2.0 ml of resorcinol solution was added. The test 
txibes were heated on boiling water bath for 30 min. 
After cooling, 5.0 ml of a mixture of n-butyl acetate-
n-butanol (85:15, v/v) was added to each tube. The 
tubes were shaken thoroughly and kept for 15 min. 
to separate the organic phase. About 3-4 ml of the 
organic phase was taken and absorbance was measured 
at 580 nm against a reagent blank. A standard curve 
with different concentrations of N-acetyl neuraminic 
acid (5-30 ug) having 2.0 ml final voliime of DDW was 
prepared by the similar procedure. 
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Calculation; 
Ganglioside (mg/g fresh wt) = ^^ ^ ^^ 
where, C = Concentration in/ug in 2,0 ml extract 
V = Total volume of the upper layer 
Vt = Volviine taken for the estimation 
Wt = Fresh weight of the tissue in mg. 
2,11 Determination of Rate of Lipid Peroxidation; 
The amount of malonaldialdehyde formed/30 rain, during 
lipid peroxidation was estimated according to the procedure 
of Utley et al. (1967), as described below: 
i) 0»15 M Potasium chloride; 
2.2368 g KCl dissolved in 200 ml DDW, 
ii) 10 % (w/v) Trichloroacetic acid; 
10.0 g TCA dissolved in 100 ml DDW. 
iii) 0.67 % 2-thiobarbituric acid (TBA); 
This was prepared by dissolving 0.67 g TBA in 25-50 ml 
DDW by adding two pallets of NaOH. The pH of the solu-
tion was adjusted to 7.2 with the help of IN HCl and 
the volume wcis made upto 100 ml with DDW. 
Procedure; 
Different parts of the brain were homogenized (10 %, 
w/v) in chilled 0.15 M KCl. One ml of each horoogenate 
was taken in a 25 ml conical flask and incubated at 
37 + l^ C in a metabolic shaker (120 strokes/min; 
3^ 
amplitude 1 cm) for 2 hours. Thereafter, 1,0 ml of 
the same horaogenate was pipetted in centrifuge tubes 
and protein was precipitated by adding 1.0 ml of lo % 
TCA. After incubation, 1.0 ml of 10 % TCA was added 
to each sample and both the incubated as well as non-
incubated samples were centrifuged at 3000 rpp for 
10 min. One ml of the clear supernatent was mixed 
with 1.0 ml of 0.67 % TBA and 1.0 ml DDW and the tubes 
were placed in a boiling water bath for 10 min, cooled 
and the absorbance of the colour was measured at 535 iim-
Calculation: 
Lapid peroxidation was calculated using the following 
formula: 
Y - OP X 30 X 1000 X 1000 X 1000 x 3 x 2 
^ " "1.56 X 100000 X 1000 x 180 
V - QD X 10 
°^ ^ - 1.56 
where, X = nanomoles of malonaldialdehyde formed/30 rain. 
OD = Change of optical density at zero hour and 
2 hour incubation of the same sample. 
2.12 isolation of Nucleic Acids; 
Nucleic acids were isolated following the method of 
Searchy and Maclnnis (1970). Weighed tissue of the diffe-
rent brain regions were homogenized in 5.0 ml of 0.5 N per-
chloric acid. The homogenates were heated at 90 C in boiling 
water bath for 10 min. Cooled and centrifuged at 3000 rpm 
for 10 min. Supernatent were taken in the graduated test 
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t\ibes and the voltame was maintained up to 5 ml with 0.5 N 
perchloric acid. This extract was used in the estimation of 
DNA and RNA. 
2.13 Estimation of DNA; 
DNA was estimated following the method of Burton (1956) 
i) Reagents; 
Diphenylamine Reagent: 
1.5 g diphenylamine was dissolved in about 50 - 60 ml 
glacial acetic acid. 1.5 ml cone. H2S0. was added to 
it and the final volume was maintained upto 100 ml. 
ii) procedure; 
2.0 ml of the supernatent of nucleic acid extract 
was taken in a test tube. To this, 4.0 ml diphenylamine 
reagent was added, and the tubes were heated on boiling 
water bath for 15 rain. After cooling, the colour inten-
sity was measured at 600 nm against a reagent blank. 
2.14 Estimation of RNA; 
RNA was estimated by the method of Dische (1955). 
i) Orcinol Reagent; 
33.0 mg ferric chloride was dissolved in about 50 ml 
cone. HCl. 3.5 ml 6 % orcinol (dissolved in absolute 
alcohol) was mixed with it, and the volume was made 
upto 100 ml with HCl. 
ii) Procedure; 
2.0 ml of the supernatent was taken in test tubes. 
4.0 ml of the orcinol reagent was added to it. Test 
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tubes were heated on boiling water bath for 15 min., 
cooled and the absorbance was read at 660 nro against 
a reagent blank. 
iii) Calculation; 
Both RNA and DNA were calculated by the following 
formula: 
RNA or DNA (rag/g fresh tissue wt) = ^^ ^  ^^ 
where, C = Concentration in/ug in 2.0 ml extract 
Vt = Volxime taken for the estimation 
V = Total Volume of the extract (4 ml) 
Wt = Fresh weight of the tissue in milligram. 
2.15 Estimation of Protein; 
protein was analysed following the well known method of 
Lowry et al. (1951). 
Reagents: 
i) Standard Solution; 
A standard solution of 1.0 mg BSA/ml was prepared 
in PBS. 
ii) Copper Reagent; 
Reagent A : 4 % sodium carbonate in DOW 
Reagent B : 2 % copper sulphate in DDW 
Reagent C : 4 % sodium-potassium tartarate in DDW 
Copper reagent was prepared by mixing reagents A^B and 
C in a ratio of 100 : 1 ; 1 respectively at the time 
of use. 
iii) Folin-Ciocaltau Reagent ; 
Obtained from Patel Chest Institute, New Delhi. 
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procedure; 
Residue left in the test txibes after taking the super-
natent for nucleic acid estimation, was dissolved in 
5.0 ml DDW. o.l ml of the aliquot was taken in the 
test txibes from this solution and the volume was main-
tained upto 1.0 ml with DDW. To this, 5.0 ml of copper 
reagent was added and the tubes were shaken thoroughly 
on a cyclo-mixer. After 10 min. 1.0 ml of the Polin's 
reagent (diluted 5 times) was added. The intensity of 
colour was measured at 700 nm after 30 rain, against a 
reagent blank. A standard curve of different concent-
rations of BSA (100-600 A^ g) was plotted in the same way 
as described above. 
2.16 Statistical Analysis; 
The data were analysed using Student's 't' test. Signi-
ficant differences between means of experimental and control 
groups were calculated and •? • values less than 0.05 were 
considered to be significant. 
mesittltis 
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3. RESULTS 
3.1.0 Physical Signs After Dimecron Administration; 
Diraecron intoxication led to physical signs such as 
hyperexcitability, muscular fasciculations, convulsions and 
ataxia. After 6-7 days of the injection^ all the treated 
rats became lethargic. Loss of weight (30-40 g) was also 
noticed. 
3.2.0 Biochemical Findings After Dimecron Intoxication; 
3.2.1 Lipids and Lipid Peroxidation; 
Concentration of total lipids was found to be diminished 
significantly in the cerebrum (P /, 0.001), cerebellijun (P /.0.01)# 
brain stem (P ^ 0.01) and the spinal cord ( P /.0.05), as shown 
in Table 3.1. The levels of phospholipids were also decreased 
significantly in the cerebriom^  cerebelltira, brain stem and the 
spinal cord (p /_ 0.001) (Table 3.2) . Depletion of choleste-
rol contents was found in cerebrvun (P /. 0.001), cerebellum 
(P / 0.001) and the spinal cord (p ^0.01), while in the brain 
stem a non-significant decrement (-5 %) was observed (Table 3.3) . 
able 
Interestingly, a remark/depletion of gangliosides was detected 
in various regions of the CNS (p /, O.OOl) with the brain stem 
showing the maximum depletion by -74 % (Table 3.4) . 
Furthermore, a significant incareroent in the rate of 
lipid peroxidation was noticed in the various regions of the 
brain and spinal cord, following the diraecron toxicosis 
(Table 3.5) . 
Table 3.1 
Alteration of total lipids in different regions 
of the rat CNS, following the administration of 
dimecron (2,0 mg/kg b.wt. i.p) daily for 7 days 
o/ 
Brain Regions Control Experimental _L 'p'value 
Cerebrum 154.64 + 6.19 121.99 + 3.19 -21 / 0.001 
Cerebellum 128.78 + 3.16 114.57 + 3.93 -11 / 0.01 
Brain Stem 162.40 + 10.68 136.14 + 6.92 -16 / 0.01 
Spinal Cord 237.60 + 7.32 206.03 + 10.58 -13 /. 0.05 
(Values, expressed as mg/g fresh tissue, are mean + SE 
of six animals) , ~ 
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Table 3.2 
Alteration of phospholipids in different regions 
of the rat CNS following the diraecron administra-
tion (2.0 rag/kg. b.wt., i.p) daily for 7 days 
Brain Regions 
Cerebrum 
Cerebellum 
Brain Stem 
Spinal Cord 
Control 
55.45 + 0.07 
53.90 + 0.36 
73.81 + 1.57 
77.60 + 0.89 
Experimental 
23.86 + 2.19 
29.24 + 2.33 
52.81 + 7.73 
49.89 + 7.19 
% 
Change 
-57 
-46 
-29 
-36 
•p 'valu< 
/ 0.001 
Z 0.001 
/ 0.001 
Z 0.001 
(Value, escpressed as mg/g fresh tissue, are mean + SE 
of six animals). " 
Table 3.3 
Alteration of cholesterol in different regions 
of rat CNS following the administration of di-
mecron (2.0 mg/Jf^b.wt., i.p) daily for 7 days 
Brain Regions 
Cerebriim 
Cerebellviro 
Brain Stem 
Spinal Cord 
Control 
29.70 + 6.19 
24.11 + 3.16 
31.34 + 10.68 
43,12 + 7.32 
Experimental 
19.36 + 1.00 
16.91 + 1.50 
29.80 + 3.64 
37.55 + 4.20 
% 
Change 
-35 
-29 
- 5 
-12 
'P'valui 
/ 0.001 
/. 0.001 
NS 
Z. 0.01 
(values, expressed as rag/g fresh tissue, are mean + SE 
of six animals). 
NS = Not significant. 
i^ 
Table 3.4 
Alteration of Gangliosides in Different Regions 
of Rat CNS following dimecron Administration 
(2,0 mg/kg. b.wt., i.p.) for 7 days. 
Brain Regions 
Cerebrvim 
Cerebellum 
Brain stem 
Spinal Cord 
Control 
1.17 + 0 .08 
1.10 + 0.02 
0.50 + 0.06 
0.31 + 0 .01 
Exp e r i raent a l 
0 .34 + 7.74 
0 .29 + 0 .03 
0 .13 + 0 .03 
0.27 + 0.06 
% 
Change 
- 7 1 
- 7 3 
- 7 4 
- 1 3 
•P 'va lue 
/. 0 .001 
/ . 0 .001 
/, 0 .001 
NS 
(Values, e^ressed as mg/g fresh tissue, are mean + SE 
of six animals) , "* 
NS = Not Significant. 
Table 3.5 
pe r tu rba t ions in the Rate of l i p i d Peroxida t ion i n 
d i f f e r e n t regions of the Rat CNS following the Ad-
m i n i s t r a t i o n of Dimecron (2,0 mg/kg b .w t . , i . p . ) 
d a l l y for 7 days . 
Brain Regions 
Cerebriim 
Cerebellxim 
Brain Stem 
Spinal Cord 
Control 
10.14 + 0 .88 
7.30 + 0 .35 
3.11 + 0.16 
1.50 + 0 .15 
Experimental 
9 .06 + 0 .43 
8 .92 + 0 .70 
4 .38 + 0 .18 
2 .42 + 0 .13 
Change 
- 1 5 
+22 
+40 
+61 
' P ' v a l u e 
NS 
Z 0.02 
/. 0 .001 
/, 0 .001 
(Values, expressed as nanomoles of malonaldialdehyde/30 
Min., are mean + SE of s i x an ima l s ) . 
NS = Not s i g n i f i c a n t . 
3.2.2 Nucleic Acids and Protein; 
The results of the present study revealed a significant 
decrease (p /. 0.001) of DNA contents in cerebrum, cerebellum, 
brain stem and spinal cord (Table 3,6), with the highest dep-
letion found In cerebrum (-45 %) . 
The concentration of RNA was increased in all the CNS 
regions (Table 3.7). The cerebellum, brain stem and spinal 
cord showed highly significant enhancement of the RNA levels 
(P /. 0.001), while the cerebrum showed slightly less signi-
ficant increment as compared to other regions (p ^  0.01) . 
The protein concentration, however, was decreased 
significantly (P /. 0.001) in all regions of the rat CNS with 
the maximum depletion (-22 %) was observed in cerebrxom 
(Table 3.8). 
Table 3.6 
Alteration of DKA levels in different regions 
of the Rat CNS following the Administration of 
dimecron (2.0 mg/kg. b.wt., i«p.) daily for 7 
days. 
Brain Regions 
Cerebrxiro 
Cerebellum 
Brain Stem 
Spinal Cord 
Control 
1.89 + Oi07 
5.24 + 0.33 
1.82 + 0.04 
1.56 + 0.09 
Experimental 
1.03 + 0.01 
4.13 + 0,03 
1.34 + 0.02 
1.12 + O.Ol 
% 
Chcinge 
-45 
-21 
-26 
-28 
'P'value 
/_ 0.001 
/. 0.001 
/. 0.001 
Z. 0.001 
(Values, expressed as mg/g fresh tissue, are mean + SE 
of six animals) . 
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Table 3.7 
Alteration of RNA levels in different regions of 
the Rat CNS following the Administration of Di-
mecron (2.0 lug/kg b.wt., i.p) daily for 7 days. 
Brain Stem 
Cerebrtun 
Cerebelliam 
Brain Stem 
Spinal Cord 
Control 
3.79 + 0.08 
4.30 + 0.06 
3.69 + 0.06 
3.05 + 0.02 
Experimental 
4.68 + 0.05 
5.25 + 0.03 
4.73 + 0.03 
4.08 + 0.02 
Change 
+23 
+22 
+28 
+33 
•P 'va lue 
/. 0.01 
/ 0.001 
Z 0.001 
/, 0.001 
(Values, expressed as mg/g fresh tissue, are mean + SE 
of six animals). ~ 
Table 3.8 
Alteration of protein Levels in Different Regions 
of the Rat CNS following the Administration of 
Dimecron (2.0 mg/kg b.wt. i.p) daily for 7 days. 
Brain Regions Control Experimental Change 'P'value 
Cerebrum 152.15 + 1.63 118.39 + 1.87 -22 /, 0.001 
Cerebelltim 223.82 + 3.05 183.38 + 0.56 -18 /. 0.001 
Brain Stem 220.40 + 2.68 185.86 + 2.06 -15 / 0.001 
Spinal Cord 139.96 + 3.61 117.55 + 1.05 -16 Z 0.001 
(Values, expressed as mg/g fresh tissue, are mean + Se 
of six animals). ~ 
Wimiiion 
4. DISCUSSION 
To date, no report regarding neurotoxicological effects 
of dimecron on various lipid profiles and nucleic acids in the 
discrete brain regions could be obtained in the available lit-
erature. 
The present study demonstrates regional heterogeneity 
not only related to the effects of dimecron on the concentra-
tion of lipids, nucleic acids and protein, but also in their 
levels in different regions of the rat CNS. These regional 
variations might be explained keeping in view the fact that 
the brain is a conplex organ cooposed of many structural and 
functional conponents with markedly different and independen-
tly regulated levels of functional and metabolic activities. 
It is difficult to assess the levels of functional and meta-
bolic activities at the same time (Sokoloff, 1979) . This 
heterogeneity of the brain is of great importance in the 
evaluation and interpretation of the biochemical findings 
(Hertz, 1969) 
4.1.0 Effects of Dimecron on Ldpids and lipid Peroxidation; 
The results of the present study indicate decrement 
of total lipids, phospholipids, cholesterol and gangliosides. 
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whereas a remarkable Increment of lipid peroxidation was 
observed in various regions of the rat CNS following dimecron 
intoxication. 
4.1.1 Lipids; 
Lipids account for about half the dry weight and roost 
of the structural architecture of membranes in the brain (Ordy 
and KaacH« 1975). Myelin sheath and neuropil of gray matter 
account for much of the total lipid contents of the brain 
tissue (Scharf, 1953; Schimizu, 1965) . It is noteworthy 
that distinct regional differences occur in lipid contents 
and its turn-over in various pathways and centres of the mam-
malian brain. Alterations in the lipid metabolism may be due 
to the changes in the rate of anabolism, catabolism, or both. 
These processes are regulated by the activities of appropriate 
enzymes. 
The dimecron-induced depletion of total lipid contents 
can be explained on the basis of the findings of Majno and 
Karnovsky, (1955) who reported perturbed lipid synthesis in 
the brain after organophosphate toxicosis. Furthermore, 
previous reports from this laboratory (Islam et al., 1983; 
Tayyaba and Hasan, 1985) have also shown lowering of total 
lipids, phospholipids, cholesterol and gangliosides, with an 
enhancement in the rate of lipid peroxidation and lipase acti-
vity in the different regions of the CNS of the organophosphate 
•metasystox*-treated rats. Ham and Rose (1969) and Hazzard 
et al. (1969) have suggested that changes in the activity of 
lipase may be a factor contributing to the perturbed plasma 
lipid levels. Moreover, Haider et al. (1981) have correlated 
decreased concentration of lipids in various regions of the 
brain with the increased lipase activity in these regions. 
Phospholipids play an ic^ortant role in the central 
nervous system as essential membrane constituents. The pro-
perties of a membrane, therefore, depend, to some extent, on 
the phospholipid ccxaposition. The depletion of phospholipid 
levels in different regions of the CNS, as reported in the 
present study, can be supported by the findings of Nelson 
and Barnum (1960) who observed inhibition of phospholipid 
biosynthesis following the administration of diisopropylflou-
rophosphate (DFP) . This can further be supported by the meta-
systox-induced diminution of phospholipid contents in discrete 
brain regions (Tayyaba and Hasan, 1980) . 
A large amount of cholesterol is present in the nervous 
tissue. It occurs in white matter in amount exceeding those 
in gray matter (Brante, 1949). The constancy of cholesterol 
concentration in the brain suggests that the sterol is meta-
bolically stable and is thus removed from the normal dynamic 
exchange process common to almost aJ.1 other body constituents 
(Waelsch et al., 1940). Cholesterol accounts for 18-20 % of 
the dry weight of the myelin fraction and about 70 % of the 
total breiin cholesterol is present in the layelin (Dobbing, 
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1964). Demyelination caused by organophosphate toxicity or 
multiple sclerosis leads to loss of cholesterol esters (Davi-
sion and Wajda, 1962) , It has been reported by Majno and 
Karnovs}cy (1961) that an OP conpound, niipafox inhibited the 
incorporation of acetate, choline and phosphate into the lipids 
of nervous tissue. It supports the dimecron-induced decrement 
of total lipids, phospholipids and cholesterol in different 
brain regions, reported in this study, as it is assumed that 
similar mechanism might also act here. 
Gangliosides are generally synthesised in neuronal peri-
karya and are transported to the nerve endings along with mac-
romolecules (Rahman and Rosnek, 1973) . They are also synthe-
sized locally within axons and nerve endings (Ledeen et al., 
1976) or even at the plasma membrane level (Preti et al., 
1980). Gangliosides are mainly localized in two brain frac-
tions - a minor amount in the cnyelin matrix and the bulk in 
the outer membrane of the nerve endings (Ramsey and Nicholas, 
1972). Furthermore, Ramsey and Nicholas (1972) have sugges-
ted that binding of serotonin to synaptic vesicles may be 
mediated by gangliosides. Gangliosides act as receptor sites 
for neurotoxins, and hence are involved in the conduction of 
nerve iapulses (Van Heyningen, 1959; North et al., 1961) . It 
is also of interest that certain types of behavioral stimula-
tions seem to be acconpanied by perturbations in the ganglio-
side metabolism (Irwin and Samson, 1971) . In the present in-
vestigation, the decrement of ganglioside concentration 
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following diraecron toxicosis is in concordance with the study 
of islam et al. (1983) which reveals reduction in the levels 
of gangliosides in the different brain regions after the ad-
ministration of metasystox. 
4.1.2 Lipid Peroxidation; 
Lipid peroxidation is the basic inechanisra of destruction 
of unsaturated fatty acid chains in biological membranes, it 
involves direct reaction of oxygen and lipid to form free radi-
cal intermediate and thus creating semi-stable peroxide. Since 
long, the peroxidation of endogenous phospholipids in bilogical 
membranes is supposed to be responsible for a variety of toxi-
cological phenomena. The present study reveals dimecron-indu-
ced enhancement in the rate of lipid peroxidation in various 
CNS regions. This can be supported by the findings of Hasan 
and Ali (1981) who have reported organophosphate dichlorvos-
induced increase in the rate of lipid peroxidation. Similar 
results have been embodied with the metasystox toxicity (islam 
et al,, 1983; Tayyaba and Hasan, 1985), Furthermore, Haider 
et al. (1982) have suggested that the increment of brain 
lipid peroxidation might contribute to the decrement in 
levels of brain lipids. It is thus clear that the peroxida-
tion of endogenous lipids has been enhanced by the dimecron 
intoxication, and hence the reduction of brain lipid contents 
is understandable. Further enzymatic studies underway should 
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enable a better insight into the neurochemical alterations 
following diniecron toxicosis. 
4.2.0 Effects of Diroecron on Nucleic Acids and protein; 
4.2.1 Deoxyribonucleic Acid (DNA); 
The dimecron intoxication was found to induce significant 
diminution of DNA levels in all the regions of the rat CNS. This 
is in agreement with the findings of many researchers who have 
reported organophosphate-induced decrement of DNA contents in 
the brain* Phosalone, an OP pesticide, has been reported to 
decrease the DNA level in various regions of the brain (Kiru-
bagaran* 1984; Palanivelu, 1984; Tamilvanan, 1984). Moreoever, 
Paolo and Pini (1960) have already shown dichlorvos-induced 
decrease in the DNA concentration. Similar findings were re-
ported by Dean (1972) who observed diminution of DNA contents 
following dichlorvos toxicosis on cultured human lymphocytes. 
It has been suggested by Hasaa et al. (1979)that one of the 
possible reasons for this diminution may be the degeneration 
of neurons and nerve fibres after the organophosphate toxicity. 
Maximum concentration of DNA was found in cerebellvim (5.24+0.33) 
which is in accordance with the findings of May and Grenell 
(1959) . This high level of DNA in cerebellum reflects the 
extreme cell density of cerebral granular layer. Maximum 
depletion of DNA was observed in cerebrum (-45 %), while the 
least affected region was cerebellum (-21 %) . This shows 
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different vulnerability of each region towards dimecron toxi-
city. Furthermore, the depletion in the DNA contents may be 
correlated with the enhancement of DNase activity alongwith 
depleted DNA levels in various brain regions after metasystox 
intoxication (Tayyaba et al., 1981). The depletion in the DNA 
concentration in all the regions of the CNS therefore, might 
be due to the dimecron-induced perturbations in the normal 
synthesis and turnover rate of DNA, in addition to the dege-
nerative changes. 
4.2.2 Ribonucleic Acid (RNA); 
The RNA levels showed a significant increment in all 
the regions of the CNS following dimecron toxicosis. This is 
supported by the increased RNA concentration observed in the 
different brain regions of the 'phosalone* treated rats (Kiru-
bagaran, 1984; Palanivelu, 1984; Tamilvanan, 1984). Earlier, 
Bergen (1972) has also reported elevation in the levels of 
RNA in different brain areas of the dieldrin-fed rats. 
Interestingly, derayelination is a feature of poisoning by 
many organophosphate pesticides and this results in the in-
creased production of RNA (Heath, 1961). Mcllwain and Bache-
lard (1971) have demonstrated that RNA synthesis Increases 
due to damage of the neurons. Thus, the increment of the 
RNA level in all the CNS regions, as reported in this study, 
ceui be paralleled with the metasystox-induced enhancement of 
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RNase activity in discrete regions of the rat brain (Tayyaba 
et al., 1981). The elevation of RNA levels may also be asso-
ciated with the ic^roveraent of protein nutrition or tissue 
function (Bergen et al,, 1974) . 
4.2.3 protein: 
The total protein contents were reduced significantly 
in all the regions of the rat CNS after the administration of 
dimecron. This is well in concordance with the reduction of 
brain protein levels of the metasystox treated rats (Tayyaba 
et al., 1981). Decrease in the protein concentration has 
also been demonstrated in the various regions of the rat 
brain after phosalone intoxication (Kirubagaran, 1984; 
Palanivelu, 1984; Tamilvanan, 1984). Phosalone has also 
been reported to induce reduction of the protein concentra-
tion in the fish brain (Ravi, 1984) . Moreover, diminution of 
the protein levels in the fish brain after dichlorvos treat-
ment has been reported by Rath and Misra (1980) . It has been 
observed that the enhanced neuronal activity inhibits the pro-
tein synthesis (Hyden and Lange, 1972). In the present study, 
the decrement of protein levels in all the CNS regions can be 
explained on the basis of higher utilization of protein lead-
ing to reduction of protein contents due to increased proteo-
lytic activity, as suggested by Ahmed et al. (1978). The RNA 
content indicates the intensity of protein synthesis in the 
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tissue (brachet, 1955). Thus, the Increased level of RNA 
in the present study suggest the non-interference of dime-
cron directly in the protein synthesis. Obviously, diraecron 
might have induced and enhanced the utilization of protein. 
^ttttmtti 
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